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Abstract 

Background: The positive association between parental socio-economic position (PSEP) and health among adolescents 
may be partly explained by physical activity behaviour. We investigated the associations between physical activity, aerobic 
fitness and PSEP in a population based sample of German adolescents. 

Methods: 5,251 participants, aged 1 1-17 years, in the German Health Interview and Examination Survey for Children and 
Adolescents 2003-2006 (KiGGS) underwent a sub-maximal cycle ergometer test and completed a questionnaire obtaining 
information on physical activity and media use. The associations between physical activity, media use, aerobic fitness and 
PSEP were analysed with multivariate logistic regression models for boys and girls separately. Odds ratios (ORs) of PSEP 
(education, occupation and income) on the outcomes were calculated adjusted for age, region, and other influencing 
factors. 

Results: Parental education was more strongly associated with the outcome variables than parental occupation and 
income. After adjusting for age and region, a higher parental education level was associated with better aerobic fitness 
- with an OR of 1 .5 (95% CI 1 .2-1 .9) for girls whose parents had secondary education and 1 .9 (1 .4-2.5) for girls whose 
parents had tertiary education compared to girls whose parents had primary education. The corresponding ORs for 
boys were 1.3 (1.0-1.6) and 1.6 (1.2-2.1), respectively. Higher parental education level was associated with lower media 
use: an OR of 2.1 (1.5-3.0) for girls whose parents had secondary education and 2.7 (1.8-4.1) for girls whose parents had 
primary education compared to girls whose parents had tertiary education. The corresponding ORs for boys were 1 .5 
(1.2-1.9) and 1.9 (1.5-2.5), respectively. Higher parental education level was associated with a higher physical activity 
level only among girls: an OR of 1 .3 (1 .0-1 .6) for girls whose parents had secondary education and 1 .2 (0.9-1 .5) for girls 
whose parents had tertiary education compared to girls whose parents had primary education. The corresponding ORs 
for boys were 0.9 (0.8-1.2) and 0.8 (0.6-1.0), respectively. 

Conclusions: Adolescents of parents with low SEP showed a lower level of aerobic fitness and higher levels of media 
use than adolescents of parents with higher SEP. Health-promotion interventions need to reach adolescents of parents 
with low PSEP and stimulate physical activity. 
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Introduction 

High physical activity and aerobic/cardiorespiratory fitness 
levels in adolescence are related to better health in adoles- 
cence and early adulthood [1-3] and to an increased prob- 
ability that a physically active lifestyle will be followed for 
the duration of the life span [4]. Studies also show that 
physical activity behaviour in adolescence mediates, in part, 
socio-economic differences in adolescent health [5], fur- 
thermore, that the consideration of socio-economic factors 
helps to understand differences in the physical activity so- 
cialisation of adolescents [6,7]. Although socio-economic 
influences are described as hardly modifiable correlates of 
physical activity behaviour, they play an important role in 
targeting and directing health promotion interventions [8]. 
In recent reviews the observed relationships between par- 
ental socio-economic position (PSEP) and physical activity 
and fitness among adolescents are inconsistent [8-12]. In 
fact, most studies reveal a positive association or no associ- 
ation. Also the level of electronic media use, as an indicator 
of sedentary behaviour, is observed to be inversely related 
to PSEP in adolescence [13]. Indicators of parental educa- 
tion, occupation or income are usually used to assess 
PSEP. Although they are related to each other, they also 
measure different aspects of PSEP. It would be interesting 
to know which of those PSEP indicators are more import- 
ant than others in influencing adolescents' physical activity 
behaviour. As far as we know, no study has examined the 
independent associations between parental education, oc- 
cupation and income and physical activity and aerobic fit- 
ness among German adolescents in a population based 
sample. When investigating these associations it is import- 
ant to also examine the role of Body Mass Index (BMI), 
physical wellbeing and parental support for physical activ- 
ity, as studies suggest that those factors are related to 
PSEP [14-16] as well as being perceived barriers and/or 
motivations for engaging in physical activity [8,17-21]. 

The aim of this study is to investigate the associations of 
PSEP (education, occupation and income) and leisure-time 
physical activity, media use, aerobic fitness and total energy 
expenditure among adolescents in Germany. Furthermore, 
the aim is to examine the role of variables which may influ- 
ence those associations, such as parental support for leisure 
time activity, physical wellbeing and BMI. The comprehen- 
sive data of the German Health Interview and Examination 
Survey for Children and Adolescents 2003-2006 (KiGGS) 
allowed us to investigate these associations. 

Methods 

Study design and participants 

KiGGS is a national representative, cross-sectional sur- 
vey with data collected from May 2003 until May 2006. 
The overall response rate of KiGGS was 66.6% [22]. The 
total KiGGS sample included 17,641 children and ado- 
lescents aged between 0 and 17. Using a stratified multi- 



stage probability sampling strategy, persons (0-17 years) 
were randomly selected from local population registries 
in 167 sample points (clusters), which were selected ac- 
cording to the structure of federal states and municipal- 
ities of the Federal Republic of Germany. The parents of 
the selected participants were also invited. The method 
is described in detail elsewhere [22]. The study protocol 
was approved by the Charite Universitatsmedizin Berlin 
ethics committee and the Federal Office for the Protec- 
tion of Data [22]. 

The participants were informed about the study goals, 
data protection protocols and the interview and examin- 
ation processes. All participants gave informed oral (11— 
13 years) or written (14-17 years) assent and one parent 
signed an informed written consent. Each participant 
underwent a physical examination; body weight and height 
was measured in a standardized way using calibrated in- 
struments. The survey involved questionnaires filled out 
by the participants who were aged 1 1 years and older and 
questionnaires filled in by the parents. Participants aged 
11 years and older also performed a standardized sub- 
maximal cycle ergometer test to assess aerobic fitness. 

We included KiGGS participants 11 to 17 years old 
(hereafter uniformly referred to as adolescents'), since 
this age group had the specific information on physical 
activity and aerobic fitness. After the exclusion of indi- 
viduals with missing data (Additional file 1: Table S6) 
the final sample comprised 5,251 adolescents, 2,677 boys 
and 2,574 girls. The participation rate for the cycle erg- 
ometer test was 87% and the item response rate for each 
of the questionnaire items was 97%. 

Variable definitions 
Physical activity 

Information on 'leisure time physical activity' was assessed 
with the questions: 'In your leisure time, how often are 
you physically active in such a way that you really start to 
sweat or get out of breath (e.g. exercising, bicycling etc.)?' 
Possible answers were: 'nearly every day', '3-5 times a 
week', 'about 1-2 times a week', 'about 1-2 times a month 
or 'never'. The following question was: About how many 
hours is that approximately per week? '. 

'Media use was assessed with the question: 'How much 
time do you spend on average per day doing the follow- 
ing? (1) Television/video, (2) video games, (3) computer/ 
internet, (4) listening to music, (5) using cell phone) with 
answer categories: 'not at all', 'about 30 minutes', 'about 1— 
2 hours', 'about 3-4 hours', 'more than 4 hours'. A media 
use index was calculated by cumulating the amount of 
time spent on a daily basis with the respective activities. 

An index of 'total energy expenditure' in 24 hours was 
calculated from information on 'leisure-time physical ac- 
tivity', 'media use' and 'sleeping time'. Metabolic equivalent 
values (MET) were assigned to the activity categories, 0.9 
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MET for sleeping time, 1.3 MET for media use, 8 MET for 
leisure time physical activity [23]. It was assumed that the 
remainder of the 24 hour period was spent on average 
with 'light activities' for which a MET value of 2.5 per hour 
was assigned [23]. The respective activity scores were 
summed up into a summary score of 'total energy expend- 
iture' in MET hours per 24 hours. The score is a rough es- 
timate of energy expenditure and was used to rank 
individuals. 

Aerobic fitness 

'Aerobic fitness was measured by means of a standard- 
ized sub-maximal cycle ergometer test. The test protocol 
started with a workload of 0.5 watt per kg body weight 
and was incrementally increased every 2 minutes by an- 
other 0.5 watt per kg bodyweight [24]. The heart rate 
was monitored and recorded before the test and at the 
end of each workload stage using a computer. A 5- 
minute recovery period was initialized after the stage in 
which a heart rate of 180 heart beats per minute was 
exceeded. The Physical Work Capacity at a heart-rate 
threshold of 170 beats per minute (PWC170) was calcu- 
lated using the mathematical approach of interpolation. 
PWC170 values were then divided by the body weight of 
the test person. The methodology of PWC170 was de- 
scribed in detail elsewhere [25,26]. Studies showed that 
the PWC170 is a valid indicator for predicting maximal 
oxygen uptake (VC^max) which is seen as the reference 
measure for aerobic fitness [27]; the reported correlation 
coefficients range between 0.66 and 0.84 [28-31]. 

In order to avoid questionable linearity assumptions 
for the relations between PSEP and physical activity and 
fitness outcomes, which are given in the context of lin- 
ear regression analysis, all specified indices were recoded 
into binary variables using a standardised procedure of 
ranking individuals by calculating quintiles. The sample 
was divided into two groups, 40% vs. 60%, for boys and 
girls separately. The label 'high' was assigned to the upper 
40% of the respective distributions. The following cut off 
points, upper limits of the 3 rd quintiles, were used: 'high 
aerobic fitness, 2.4 watt per kg body weight for boys and 
1.9 for girls; 'high leisure time activity', 7 hours per week for 
boys and 4 for girls; 'high media use 6 hours per day for 
boys and girls; and 'high total energy expenditure within 
24 hours, 46.3 MET hours for boys and 44.3 for girls. 

Socio-economic position 

'Parental education' was obtained with two questions ask- 
ing one parent about the highest school certificate and the 
highest vocational training certificate accomplished by the 
mother and father of the participant. A categorical educa- 
tion variable (primary, secondary, tertiary education) was 
generated for both parents separately by applying a revised 
version of the 'Comparative Analysis of Social Mobility in 



Industrial Nation' (CASMIN) classification of education 
for Germany [32]. If information was available for both 
parents, the highest education level of both parents was 
used to define 'parental education' level. 

'Household equivalent income' was assessed based on 
two questions asking about the households' approximate 
monthly net income and the number of persons living per- 
manently in the household. The household net equivalent 
income variable was constructed by assigning need- 
specific weights to the household members (OECD- 
modified scale: head of household = 1, additional adult 
household members = 0.5, children = 0.3 [33,34]), calculating 
the household size, and dividing the monthly net income by 
the household size. A categorical household income level 
variable was created by calculating tertiles of the 
'household-equivalent income' variable (low, middle, high). 

'Parental occupation' for each parent was measured 
with a question asking about the 'current or last profes- 
sional position'. A categorical occupation status variable 
was constructed according to a revised version of the 
'Occupational Prestige in Comparative Perspective' ap- 
proach for Germany to categorising respondents into 
three groups of occupation status (low, middle, high) 
[35]. The highest occupation status of any of the parents 
was used to define 'parental occupation' status. 

Personal and socio-environmental variables 

'BMI-for-age was calculated for boys and girls separately 
using sex- and age-specific BMI reference z-scores of the 
World Health Organization (WHO) [36] with the follow- 
ing cut off points: 'below -2 Z','-2 to -1 Z','-l to +1 Z','+l 
to +2 Z', and 'above +2 Z' [37,38]. 

Physical wellbeing' was assessed with the questions: 
'Now I would like to know something about your body: 
In the last week...; ...I felt sick, ...I had pain, ...I was 
tired and worn out, ...I had a lot of power and endur- 
ance'; with the following answer options: 'never', 'rarely', 
'sometimes', 'often', 'always'. A sum score of the physical 
wellbeing items was categorised in tertiles (low, middle, 
high). The physical wellbeing index is a subscale of the 
KINDL-R instrument which measures health related 
quality of life in young people with acceptable validity; 
the reported correlation coefficient between the physical 
wellbeing indices of KINDL-R and the comprehensive 
KIDSCREEN questionnaire was 0.45 [39,40]. 

Parental support for leisure time activity' was assessed 
with the question: 'How is it in your family? In the evening 
and at weekends we rather stay at home than doing leisure 
activities together'. With answer possibilities: 'disagree'; 
'somewhat disagree'; 'somewhat agree'; 'agree'. The ques- 
tion is a sub-item of the 'Familienklimaskalen' (FKS) [41], 
which is a translated and slightly adapted German version 
of the family environment scales (FES) [42]. 
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Statistical analysis 

The statistical analysis was performed with STATA SE 
12.0. The cluster structure of the multi-stage sample was 
accounted for by using survey design procedures. These 
procedures lead to wider confidence intervals compared 
to standard statistical procedures, which assume simple 
random sampling. Possible influencing factors for the as- 
sociations investigated were initially selected based on 
knowledge and theories from literature, and inference 
statistics were then used to clarify their statistical signifi- 
cance. Confounding and interaction on the associations 
between parental education level and adolescents' phys- 
ical activity and fitness outcomes were tested by fitting 
stepwise logistic regression models (Model 1: outcome 
and exposure variable, Model 2: Model 1 + covariate, 
Model 3: Model 2 + interaction term of exposure*covari- 
ate). Estimations of each model were stored at each stage 
and tested for model fit using a likelihood-ratio test 
(lrtest) by comparing the post-estimations of the respect- 
ive models. If the lrtest was significant (95% level of con- 
fidence) comparing Model 2 and 3, the covariate was 
considered to be an effect modifier and sub-group ana- 
lyses were performed. If the lrtest was significant com- 
paring Model 1 and 2 and the covariate was associated 
with the exposure, the covariate was considered to be a 
potential confounder. The age- and region-adjusted as- 
sociations between PSEP and physical activity and fitness 
variables in the basic models were subsequently adjusted 
for potential confounders for the respective associations. 
When adjusting for covariates, we used the following 
age group strata: 11, 12, 13, 14, 15, 16, 17 years; the re- 
gion strata: 'former East Germany' and 'former West 
Germany', the 'BMI-for-age' strata, 'below -2 Z', '-2 to -1 
Z', '-1 to +1 Z', '+1 to +2 Z', 'above +2 Z'; the strata of 
'low parental support for leisure time activity' 'disagree', 
'somewhat disagree', 'somewhat agree', 'agree'; as well as 
quintiles of the 'physical wellbeing' score. Missing values 
of the covariates (e.g. parental occupation, household in- 
come) were integrated into the statistical analyses by 
constructing a separate category for missing values (the 
numbers are shown in Table 1). 

Results 

Participants 

According to the response analysis (see Additional file 1: 
Table S5) parents of the respondents reported, on average, 
higher levels of education compared to parents of the 
non-respondents. Respondents were on average younger 
and had a lower BMI and health state compared to the 
non-respondents. Respondents with missing data for the 
key variables (parental education, physical activity or fit- 
ness variables) were therefore excluded from the presented 
analyses and showed a lower level of physical wellbeing, a 
higher BMI and media use and their parents had lower 



education compared to respondents with complete infor- 
mation (see Additional file 1: Table S6). 

In the final study sample, 19% of the parents had a low 
level of education and 28% had a high level of education. 
Adolescents in higher age groups showed statistically 
significant (95% level of confidence) lower levels of both 
'leisure time physical activity' and 'total energy expend- 
iture' and higher levels of 'media use' than their peers in 
lower age groups. Moreover, boys showed higher levels 
of leisure time activity, total energy expenditure and aer- 
obic fitness than girls (Table 1). 

Multivariate analyses 

The age and region adjusted analysis revealed that ado- 
lescents of parents with higher levels of education, occu- 
pation and income were more likely to show high levels 
of aerobic fitness and less likely to report high levels of 
media use compared to their peers with parents of lower 
socio-economic status (Tables 2, 3). Amongst girls posi- 
tive associations between PSEP and leisure time physical 
activity and total energy expenditure were also observed 
in the basic models. 

Leisure time physical activity 

'Physical wellbeing! 'parental support for leisure time activ- 
ity' (only among boys) and 'BMI-for-age' (only among boys) 
were considered to be potential confounders of the associ- 
ation between 'parental education' and 'leisure time physical 
activity' (Table 2). No significant association between PSEP 
and 'leisure time activity' remained after adjustment. 

Media use 

'Physical wellbeing' (only among girls), 'parental support 
for leisure time activity' and 'BMI-for-age' (only among 
girls) were considered to be potential confounders of the 
association between 'parental education' and 'media use' 
(Table 2). After multivariate adjustment a significant nega- 
tive association remained between 'parental education' 
and 'media use' and 'parental occupation' and 'media use' 
among both boys and girls. 

Aerobic fitness 

'BMI-for-age', 'physical wellbeing' and 'parental support for 
leisure time activity' (only among girls) were considered to 
be potential confounders of the association between 'par- 
ental education' and 'high aerobic fitness' (Table 3). After 
adjustment, a significant positive association between 'par- 
ental education' and 'aerobic fitness' remained among girls 
and between 'parental occupation' and 'aerobic fitness' 
among boys. 

Total energy expenditure 

'BMI-for-age' (only among boys), 'physical wellbeing' and 
'parental support for leisure time activity' were considered 



Finger ef al. International Journal of Behavioral Nutrition and Physical Activity 201 4, 11 :43 
http://www.ijbnpa.Org/content/1 1/1/43 



Page 5 of 10 



Table 1 Description of participants and means of the outcome indicators according to selected key variables, boys and 
girls 11-17 years 





Study sample 


1 AicurP tim*3 artix/itv 
lcijuic liiiic aV-Liviiy 


IVICUIa U)C 


pwn 7n a 

r vv l 1 / \j 


1 kj id 1 ci 1 tri y y 

expenditure 13 


Characteristics 


n 


% 


Mean hours/week 


Mean hours/day 


Mean watt/kg body weight 


Mean MET/24 hours 


Total 


5251 




6.3 


5.9 


2.1 


44.2 


Age (years) 














11-13 


2401 


46 


6.5 


4.8 


2.0 


45.7 


14 - 15 


1 522 


29 


6.4 


6.7 


2.1 


43.4 


16 - 17 


1 328 


25 


5.6 


7.0 


2.1 


42.5 


Sex 














boys 


ZO / / 


r 1 
J 1 


7.9 


5.9 


2.3 


45.5 


girls 


2574 


49 


4.6 


5.9 


1.9 


42.9 


Region in Germany 














Former East 


1 756 


34 


6.2 


6.3 


2.1 


43.7 


Former West 


3495 


66 


6.3 


5./ 


2.1 


44.5 


Parental education 














Primary 


972 


19 


6.7 


6.5 


2.0 


43.8 


Secondary 


2835 


54 


6.4 


6.1 


2.1 


-14.1 


Tertiary 


1444 


28 


5.7 


5.1 


2.1 


44.8 


Parental occupation 














Low 


1 526 


29 


6.9 


6.8 


2.0 


43.6 


Middle 


1 708 


33 


6.1 


5./ 


2.1 


44.4 


High 


1 871 


36 


5.9 


5.3 


2.1 


44.6 


Missing 


146 


3 


6.4 


6.9 


2.0 


43.2 


Household income 














Low 


1680 


32 


6.5 


6.3 


2.0 


44.0 


Middle 


I 4jz 


ZU 


6.3 


5.9 


2.1 


44.3 


High 


1693 


32 


5.9 


5.5 


2.1 


44.5 


Missing 


426 


8 


6.6 


6.2 


2.1 


141 


BMI-for-age (WHO z-scores) 














Below -2 Z 


83 


2 


5.4 


5.4 


2.3 


44.2 


-2 to -1 Z 


4/8 


9 


6.5 


5.3 


2.2 


45.1 


-1 to +1 Z 


3310 


63 


6.1 


5.9 


2.1 


44.2 


+ 1 to +2 Z 


961 


18 


6.7 


6.1 


1.9 


44.4 


Above +2 Z 


419 


8 


6.5 


6.6 


1.6 


43.5 


Physical wellbeing 














Low 


1902 


36 


5.7 


6.3 


2.0 


43.3 


Middle 


1520 


29 


6.2 


5.8 


2.1 


44.3 


High 


1689 


32 


7.1 


5.5 


2.1 


45.3 



a PWC170, physical work capacity at a heart rate of 170 heart beats per minute. Energy expenditure assessed on the basis of self-reported activities within 24 h, 
expressed in metabolic equivalents (MET) kcal/kg, 1 MET = a person's caloric consumption at complete rest. 



to be potential confounders of the association between 
'parental education' and 'total energy expenditure' (Table 3). 
After adjustment a significant positive association remained 
between 'parental education' and 'total energy expenditure' 
and between 'parental occupation' and 'total energy ex- 
penditure' among girls. 



Subgroup analyses 

'Leisure time physical activity' was a significant effect 
modifier (95% level of confidence) for the association 
between 'parental education' and 'aerobic fitness' 
among boys (interaction term p-value: < 0.01). The as- 
sociation was weaker in the stratum 'physical activity < 
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Table 2 Stepwise adjusted odds ratios (OR) of physical activity and media use according to parental education, boys 
and girls 11-17 years 





High leisure time activity 


High media 


use 




Basic model 3 


Final model b 


Basic model 3 


Final model c 




OR 95% CI 


OR 95% CI 


OR 95% CI 


OR 95% CI 


Boys (n = 2677) 










Parental education 










Primary 


1.0 


1.0 


1.0 


1.0 


Secondary 


0.9 (0.8-1.2) 


0.9 (0.7-1.2) 


0.8 (0.6-1.0) 


0.9 (0.7-1 .2) 


Tertiary 


0.8 (0.6-1.0) 


0.8 (0.6-1.1) 


0.5 (0.4-0.7) 


0.7 (0.5-0.9) 


Parental occupation 










Low 


1.0 


1.0 


1.0 


1.0 


Middle 


0.8 (0.7-1.0) 


0.8 (0.7-1.0) 


0.5 (0.4-0.7) 


0.6 (0.5-0.7) 


High 


0.8 (0.6-1.0) 


0.9 (0.7-1.1) 


0.5 (0.4-0.6) 


0.6 (0.5-0.8) 


Household income 










Low 


1.0 


1.0 


1.0 


1.0 


Middle 


0.9 (0.8-1.1) 


1.0 (0.8-1.2) 


0.8 (0.6-1.0) 


0.9 (0.7-1 .2) 


High 


0.9 (0.7-1.1) 


0.9 (0.7-1.2) 


0.7 (0.5-0.8) 


1 .0 (0.8-1 .3) 


Girls (n = 2574) 










Parental education 










Primary 


1.0 


1.0 


1.0 


1.0 


Secondary 


1.3 (1.0-1.6) 


1.2 (0.9-1.5) 


0.7 (0.6-0.9) 


0.8 (0.6-1.1) 


Tertiary 


1.2 (0.9-1.5) 


1.0 (0.7-1.3) 


0.3 (0.3-0.5) 


0.5 (0.3-0.6) 


Parental occupation 










Low 


1.0 


1.0 


1.0 


1.0 


Middle 


1.1 (0.9-1.4) 


1.1 (0.9-1.4) 


0.5 (0.4-0.7) 


0.7 (0.6-0.9) 


High 


1.3 (1.0-1.6) 


1.2 (0.9-1.6) 


0.5 (0.4-0.6) 


0.7 (0.6-1 .0) 


Household income 










Low 


1.0 


1.0 


1.0 


1.0 


Middle 


0.9 (0.7-1.1) 


0.9 (0.7-1.1) 


0.7 (0.6-0.9) 


0.9 (0.7-1 .2) 


High 


1.2 (1.0-1.5) 


1.1 (0.9-1.4) 


0.6 (0.5-0.7) 


1 .0 (0.8-1 .3) 



a Model adjusted for age groups and region strata East-west Germany (separate models for education, occupation and income). b Adjusted as the basic model and 
also for 'physical wellbeing', 'parental support for leisure time activity' among boys, and 'BMI-for-age' among boys (education, occupation and income in 
combined model). c Adjusted as the basic model and also for 'BMI-for-age' among girls, 'physical wellbeing' among girls and 'parental support for leisure time 
activity' (education, occupation and income in combined model). 



5 hours per week' than in the stratum 'physical activ- 
ity > 5 hours per week'. 

Discussion 

As far as we know, this is the first study of independent 
associations of parental education, occupation and income 
and physical activity and aerobic fitness outcomes among 
adolescents in Germany. In addition, it was performed in 
a nationally representative sample. Girls of parents with 
high PSEP were more physically active in their leisure 
time, spent less time using electronic media, showed bet- 
ter aerobic fitness and had higher total energy expenditure 
compared to girls of parents with low PSEP. Boys of par- 
ents with high PSEP also spent less time using media and 



showed better aerobic fitness than boys of parents with 
low PSEP; however, no substantial differences were ob- 
served for leisure time physical activity and total energy 
expenditure. Media use was the outcome indicator which 
showed the strongest associations with PSEP among boys 
and girls. Although boys of parents with low PSEP re- 
ported slightly higher levels of leisure time physical activ- 
ity, they also reported much higher durations of electronic 
media use and as a result they showed slightly lower levels 
of total energy expenditure compared to boys of parents 
with high PSEP. 

In line with our observations, in the Health Behaviour in 
School-aged Children (HBSC) survey it was observed that 
in most of the 32 participating countries girls of parents 
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Table 3 Stepwise adjusted odds ratios (OR) of physical work capacity and total energy expenditure according to 
parental education, boys and girls 11-17 years 



High aerobic fitness 



Boys (n = 2677) 
Parental education 

Primary 
Secondary 
Tertiary 
Parental occupation 

Low 

Middle 

High 

Household income 

Low 

Middle 

High 
Girls (n = 2574) 
Parental education 

Primary 

Secondary 

Tertiary 
Parental occupation 

Low 

Middle 

High 

Household income 

Low 

Middle 

High 



Basic model 3 
OR 95% CI 



1.0 

1.3 (1.0-1.6) 
1.6 (1.2-2.1) 

1.0 

1.4 (1.2-1.7) 
1.3 (1.1-1.6) 

1.0 

1.2 (1.0-1.5) 

1.2 (1.0-1.5) 



1.0 

1.5 (1.2-1.9) 

1.9 (1.4-2.5) 

1.0 

1.3 (1.1-1.6) 

1.7 (1.3-2.0) 

1.0 

1.2 (1.0-1.5) 

1.5 (1.2-1.8) 



Final model 
OR 95% CI 



1.0 

1.1 (0.8-1.4) 
1.3 (1.0-1.8) 

1.0 

1.3 (1.0-1.5) 
1.1 (0.8-1.4) 

1.0 

1.0 (0.8-1.3) 
1.0 (0.8-1.3) 



1.0 

1.4 (1.1-1.8) 
1.4 (1.0-1.9) 

1.0 

1.1 (0.8-1.3) 

1.2 (1.0-1.6) 

1.0 

1.0 (0.8-1.3) 

1.1 (0.8-1.4) 



High total energy expenditure 
Basic model 3 Final model' 

OR 95% CI OR 95% CI 



1.0 

1.1 (0.8-1.3) 

1.2 (0.9-1.5) 

1.0 

1.2 (1.0-1.5) 

1.1 (0.9-1.4) 

1.0 

1.1 (0.9-1.4) 

1.1 (0.9-1.3) 



1.0 

1.5 (1.2-1.9) 
2.4 (1.8-3.1) 

1.0 

1.4 (1.1-1.7) 

1 .8 (1 .4-2.3) 

1.0 

1.2 (1.0-1.5) 

1.6 (1.2-2.0) 



1.0 

1.0 (0.8-1.2) 

1.1 (0.8-1.5) 

1.0 

1.2 (1.0-1.5) 
1.1 (0.9-1.4) 

1.0 

1.0 (0.8-1.3) 

0.9 (0.7-1.2) 



1.0 
3 (1.1-1.7) 
8 (1.4-2.4) 



.0 

2 (0.9-1.5) 

3 (1.0-1.7) 

.0 

0 (0.8-1.3) 

0 (0.8-1.3) 



a Model adjusted for age groups and region strata East-west Germany (separate models for education, occupation and income). Adjusted as the basic model and 
also for 'BMI-for-age', 'physical wellbeing' and 'parental support for leisure time activity' among girls (education, occupation and income in combined model). 
'Adjusted as the basic model and also for 'BMI-for-age' among boys, 'physical wellbeing' and 'parental support for leisure time activity' (education, occupation and 
income in combined model). 



with high socio-economic position indicated higher levels 
of leisure time physical activity and that this association 
was less clear among boys [43]. In addition, other studies 
observed that media use/television viewing was inversely 
related to PSEP [13,44], which is also in line with our 
observations. 

Apart from individual factors (psychological and bio- 
logical dispositions) etiological models also identify inter- 
personal factors (parental support, cultural norms and 
practices) and the built environment (neighborhood walk- 
ability, pedestrian safety, and access to parks, recreation 
and sports facilities) [45,46] as determinants of physical 
activity behavior in early life episodes [47]. 



In line with other studies [14-16], we observed that 
'BMI-for-age', 'physical wellbeing' and 'parental support for 
leisure time activity' were associated with both the PSEP 
and the adolescents' physical activity and fitness variables. 
Furthermore, we observed that when adjusting for these 
factors, the effect sizes of the observed associations were 
reduced. Thus, these factors could be hypothesised as be- 
ing mediators for the investigated relations, as they meet 
the criteria of transmitting the effect of the independent 
variable on the dependent variable and being in the causal 
sequence of the two-variable relation [48] . Studies suggest 
that concerns about body shape and weight management 
are the main motivations to participate in physical activity 
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among young girls [17]. In addition, the perception of be- 
ing overweight may be a barrier to becoming physically 
active among overweight individuals [19,49], as they often 
feel more discomfort when being physically active [20]. 
Also low physical wellbeing (e.g. feeling tired/sick, having 
a disease) and lack of parental support for physical activity 
have been identified as barriers to physical activity [17-21]. 
It was also shown that the parental physical activity level 
strongly correlates to the physical activity level of their 
children [8,50], thus it could be the case that the existing 
SEP differences in adults' physical activity are transferred 
to their children. Parents who are mainly sedentary at 
work and therefore exercise more in leisure time (mainly 
highly educated) [51], perhaps stimulate their children to 
exercise together with them more strongly, compared to 
parents who do physically demanding work and may 
therefore be less active in leisure time (mainly low edu- 
cated) [51], as they more frequently recover from physical 
work by 'staying home in the evenings and the weekends' 
using media for entertainment. Overall, we observed that 
'parental education' was more strongly associated with 
physical activity and aerobic fitness outcomes among ado- 
lescents as compared to 'parental occupation' and 'house- 
hold income'. In particular 'household income' showed no 
independent effects on the investigated outcomes. These 
observations correspond to the findings of a study among 
German adults which uses the same SEP measures and 
also suggest that education, followed by occupation, is 
most strongly associated with physical activity patterns 
and that income plays no important role [51]. Assuming 
that the leisure time physical activity behaviour of children 
relates to that of their parents [50], it is plausible to con- 
clude that the associations between parental education, 
occupation and income and physical activity and fitness 
among adolescents follow similar patterns as can be ob- 
served among adults. 

Limitations 

The cross-sectional study design does not allow for draw- 
ing causal inference upon the findings of this study. Fur- 
thermore, validation studies conducted among adolescents 
12-17 years old have shown that physical activity question- 
naires may overestimate physical activity level compared to 
objectively measured information using accelerometers. 
The validity of questionnaires seems to be lower among 
younger adolescents (12-14 years) compared to older ado- 
lescents (15-17 years) [52]. Physical activity level might be 
over reported due to social desirability [53], inaccuracies 
may also occur from cognitive problems in recalling phys- 
ical activity behaviour or in misunderstanding of the 
underlying concepts of the questions. We therefore de- 
cided to use the self-reported information only to rank in- 
dividuals by calculating quintiles. We performed sensitivity 
analysis in order to see whether the choice of cut off points 



may have influenced the results. When using continuous 
variables (linear regression) or ordinal (quintile) variables 
(ordered logistic regression) as the dependent variables in 
the models, the directions of the associations were widely 
the same as observed for the binary outcome variables. 
The exception was that the observed positive association 
between parental education and leisure time physical activ- 
ity among girls was only borderline significant when using 
the continuous variable (p-value: 0.055) and the ordinal 
variable (p-value: 0.057). We showed a clear positive asso- 
ciation between measured aerobic fitness and parental edu- 
cation among boys, however, not so for self-reported 
leisure time physical activity and total energy expenditure. 
We cannot totally exclude the possibility that the degree of 
over-reporting of physical activity level differed according 
to parental education level, which would result in some de- 
gree of misclassification bias. Therefore, we propose using 
more objective methods for measuring physical activity in 
future studies, for instance through use of accelerometers. 
If physical activity is assessed with questionnaires however, 
we suggest using domain-specific physical activity ques- 
tionnaires in order to be able to reveal physical activity dis- 
parities by PSEP in specific health promotion relevant 
settings. Studies have shown that adolescents of parents 
with high PSEP more often engage in sports activities in 
sports clubs, whereas adolescents of low PSEP are more 
often physically active travelling from place to place [54]. 
Estimating the aerobic fitness via a sub-maximal exercise 
test based on heart rate parameters (PWC170) produces 
less accurate results than measuring the V0 2 max as the 
reference standard for cardiorespiratory fitness via a max- 
imal exercise test [29-31]. However, maximal exercise tests 
are more expensive, because they require more safety 
equipment and better trained personal [55] . 

The relatively large group of persons with missing data 
for the aerobic fitness variable may however lead to a 
lower validity of the results. Finally, the generalisability of 
the results could be further compromised, since the re- 
spondents differed according to selected variables from 
the non-respondents. 

Conclusions 

Compared to their peers with parents with high SEP, 
boys and girls of parents with low SEP showed lower 
levels of aerobic fitness and higher levels of media use. 
Girls of parents with low SEP also showed lower levels 
of leisure time physical activity and total energy expend- 
iture. Parental education and occupation were more 
strongly related to adolescents' physical activity and fit- 
ness outcomes than family income. A high BMI, low 
physical wellbeing and low parental support for leisure 
time activity seem to be barriers to engaging in physical 
activity, and adolescents of parents with low SEP seem 
to be more strongly affected by such barriers. In order 
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to reduce health inequalities, health promotion interven- 
tions need to reach adolescents of parents with low SEP 
and to stimulate and remove barriers to physical activity. 
Parental involvement can be a crucial factor for the suc- 
cess of such interventions. In future studies more object- 
ive measures of physical activity and domain-specific 
physical activity questionnaires should be used. 
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